We compute the luminosity function of galaxies in groups. The data consists in two samples of groups of galaxies selected in distance and redshift space comprising a total number of 66 groups. The assignment of galaxies to the groups were derived from the Edinburgh-Durham Southern Galaxy Catalog, considering a limiting apparent magnitude m lim = 19.4.
INTRODUCTION
Several works have attempted the identification of groups of galaxies in 2 dimensions using catalogs with angular positions (see for instance Turner and Gott 1976) . A major problem with such identifications is the low density contrast of these systems and therefore redshift surveys are essential to provide reliable physical groups. Nevertheless, most of redshift surveys are limited to bright apparent magnitudes allowing only the identification of the brightest members. This fact make difficult the determinations of the faint end of the luminosity function (hereafter LF) of galaxies in groups. The galaxy LF in clusters and nearby groups has been studied by several authors (Oemler 1974 , Dressler 1978 , Oegerle et al. 1986 , Oegerle et al. 1987 , Gudehus and Hegyi 1991 , Willmer et al. 1990 , Garilli et al. 1991 , Ferguson and Sandage 1991 , Garilli et al. 1992 , Barrientos et al. 1996 , Gaidos 1997 , Valotto et al. 1997 , Trentham 1997 . Of particular importance is the possible universal character of the galaxy LF early suggested by Abell 1962 and Abell 1975 since it may serve to pose constraints to models of galaxy formation as well as testing the importance of environment in the related astrophysical processes. Interactions play a fundamental role in galaxy evolution (see for instance Postman and Geller 1984) being particularly relevant in small galaxy associations. Moreover, in contrast to clusters, groups have a low galaxy velocity dispersion, gas density and temperature which may cause a significantly different evolution of galaxies in groups and clusters. Groups of galaxies are therefore suitable systems to provide a useful observational insight on different physical phenomena related to environment.
The field galaxy LF has been determined in several works, see for instance Loveday et al. 1992 , and more recently Marzke et al. 1994 and Lin et al. 1996 . These authors provide Schechter function fits (Schechter 1976) and in spite of discrepancies in the value of the parameter M * , both determinations are consistent with a flat LF at the faint end, α ≃ −1. On the other hand, several studies of the galaxy luminosity function in clusters show a much steeper galaxy LF at the faint end, α ≤ −1.4 (e.g. Ferguson and Sandage 1991 , Valotto et al. 1997 , Trentham 1997 .
The universality of the galaxy LF in clusters has been seriously questioned by Yee 1995 and López-Cruz et al. 1997 . From their sample of 45 Abell clusters with z<0.14 39 clusters show an increase of the fraction of dwarf galaxies consistent with a double Schechter fit with α ≃ 1 and −2 < α < −1.4 and only 7 can be suitable fitted with a single Schechter fit with α ≃ 1. This set of clusters with flat LF are characterized by an evolved morphology of the cD type and are on average massive and gas rich. Nevertheless, Driver et al. 1995 and Trentham 1997 find rising LF in rich clusters which suggest the complexity of this phenomenon. In spite of the reported differences of the galaxy LF in clusters the results show agreement with the mean galaxy LF in clusters derived by Valotto et al. 1997 which rises at faint magnitudes consistent with a single Schechter fit with α ≃ −1.4. The tendency of poorer clusters to show a flatter galaxy LF (α ≃ −1.2) than richer clusters (α ≃ −1.5) was obtained by Valotto et al. 1997 dividing their sample in two equal number of clusters. These results and López-Cruz et al. 1997 findings would not be necessarily inconsistent given that the flat LF clusters (α ≃ −1.0) observed correspond to a small fraction (≃ 20%) of dynamically relaxed systems where evolutionary process have an important role. Other works provide useful studies of the galaxy LF in different environments. For instance, Gaidos 1997 develop an important work on the luminosity function of galaxies in clusters. Nevertheless, the background subtraction in this work is taken at 0.5 Mpc of the cluster center which may contribute significantly to the resulting flat LF of the analysis given the expected large contamination of the background by cluster members.
Given the observed differences between cluster and field mean galaxy luminosity functions we analyze in this work the galaxy LF in moderate density associations. In order to provide a suitable study of the effects of environment we use the same statistical procedures as in Valotto et al. 1 1997 avoiding possible systematic effects due to the use of different techniques. In section 2 we describe the group and galaxy data used. Section 3 gives a description of the methods of analysis adopted, the main results obtained and error estimates through a Monte-Carlo method. In Section 4 we present the main conclusions.
2. DATA Willick et al. (1997) have assembled a homogeneous catalog of peculiar velocity data (the Mark III catalog). This catalog includes a sample of groups selected using redshifts and distances of the Mark III galaxies with a grouping algorithm as described in Willick et al. 1996 . Although the authors claim that the dynamical characteristics of the groups are in any sense well defined, this sample is suitable for our analysis since our aim is to study the galaxy LF in moderate galaxy overdensities. In addition, completeness in group numbership is not required given that COSMOS galaxies are used to provide a statistical assignment to groups. The Mark III group sample comprise a total number of 277 objects. This sample of groups of galaxies has redshift independent distance estimates which enables us to study the galaxy LF for nearby groups of galaxies for which peculiar motions cannot be neglected.
Other samples of groups of galaxies without redshift independent distance estimates was taken from different group catalogs (Maia et al. 1989 (MCL) , Fouqué et al. 1992 (FGCP) and Garcia 1993) . García (1993) identify groups in the magnitude-limited (B 0 brighter than 14.0) sample of galaxies extracted from the Lyon-Meudon Extragalactic Database (LEDA). This author identify groups applying two different technique: the hierarchical clustering method (Materne 1978 ) and the percolation method (Huchra and Geller 1982) . García identify 485 groups of at least three members and detected by both technique. MCL select groups of galaxies using the same technique applied by HG in the CfA catalog. This technique is apply to the Southern Sky Redshift Survey (da Costa et al. 1988) . MCL identify 87 groups with more than two members and mean velocities smaller than 8000 km s −1 . FGCP list 246 groups of at least three members obtained by applying the hierarchical algorithm to the Catalog of Principal Galaxies (Paturel et al. 1989a , Paturel et al. 1989b . We have also included compact groups taken from Hickson 1982) .
We have restricted this compilation of groups without redshift independent distance estimates to radial velocities cz > 2500 km s −1 . With this restriction the group peculiar velocities would not seriously affect the estimates of absolute magnitudes due to peculiar motions. Since we aim to study moderate galaxy density enhancements we have not considered groups within 0.5 Mpc h −1 in projection to Abell clusters of galaxies. We have adopted a limiting absolute magnitudes M lim = −16 since the signal-to-noise ratio for fainter absolute magnitudes results too weak in our studies which impose a further restriction to group distances.
Our final sample comprises 66 groups, 35 with distances derived from the MarkIII catalog and 31 from our compilation of groups with redshift determinations from the literature from which 3 are Hickson compact groups. In figure 1 are displayed the distribution of distances for the two subsamples of groups. The Edinburgh-Durham Southern Galaxy Catalog, hereafter COSMOS Survey (Heydon-Dumbleton et al. 1989) , was used for the statistical assignment of galaxies to the groups. This survey provides angular positions and photographic magnitudes in the b j band for over two million galaxies. We have restricted to the region δ < −10
• given the lower quality in the photographic material in the northern hemisphere. Valotto et al. (1997) suggest a limiting apparent magnitude m = 19.4 for statistical analysis in COSMOS Survey which minimizes errors due to misclassification of stars, galaxies plate variations, etc. The rms difference between CCD and COSMOS magnitudes is σ ≈ 0.25 mag (Valotto et al. 1997 , Loveday et al. 1992 , Rousseau et al. 1996 . This rms value has been used in the Monte-Carlo estimates of errors described in section 4. 
ANALYSIS AND RESULTS

Galaxy Counts and Background Subtraction.
We compute the number of galaxies brighter than a limiting absolute magnitude M lim within a projected radial distance r from the centers of the groups. We have applied a K−correction term of the form K = 2z (Esfthatiou et al. 1988) . The group projected radius r was fixed at 0.5 h similar to the adopted group radius in other studies (see for instance Huchra 1983, Garcia 1993 ). We define a mean local background around each group in order to decontaminate the galaxy counts. This mean local background is defined as the number density of galaxies in the same range of apparent magnitudes in a ring at projected radii R 1 < r < R 2 . According to Valotto et al. 1997 the stability of the results does not depend crucially on the adopted radius for background correction provided that the decontamination ring is well beyond the average projected radius of groups and small enough in order to take into account local variations of the projected galaxy density due to patchy galactic obscuration, large scale gradients in the galaxy catalog, etc. The counts of galaxies for each group are binned in magnitude intervals of 0.5 mag which is larger than the photometric errors. We subtract the corresponding mean background correction to each magnitude bin to compute the contribution from each group to the LF. The total decontaminated number of galaxies in the range −22 < B j < −16 is N tot = 1280 corresponding to an average number of galaxies n ≃ 20 per group which may be compared to n ≃ 100 in clusters (see Valotto et al. 1997 , Table 2 ). We notice that in spite of this large difference in the number of galaxies ,groups and clusters have comparable mean galaxy densities due to the radii adopted (0.5 and 1.5 h −1 Mpc respectively). Errors in the determination of the galaxy LF without individual galaxy distances arises from uncertainties in the decontamination of foreground and background galaxies. Valotto et al. 1997 found a good agreement between the galaxy cluster LF determinations from different background corrections although fluctuations in the background counts contribute significantly to errors. We have also considered the propagation of photometric errors in COSMOS magnitudes in order to provide suitable error estimates of the galaxy LF in groups. We use a Monte-Carlo algorithm that takes into account the observed scatter between CCD and COSMOS magnitudes through random Gaussian errors with dispersion σ = 0.26 mag. added to galaxy magnitudes as well as errors associated to the different assignment of background corrections. For each group we obtain different background corrections by counting galaxies in circles of projected radius r = 0.5 h −1 Mpc centered at distances 2 h −1 Mpc< r 1 <4 h −1 Mpc from the groups. We calculate the resulting LF in 50 random realizations which include magnitude errors and background fluctuations. Our Monte-Carlo estimates of errors in figure 2 correspond to the rms values of the relative number frequency of galaxies in each absolute magnitude interval M − M + ∆M . (Schechter 1976) . We have applied a maximum-likelihood estimator using a χ 2 −minimization procedure developed by Levemberg and Marquard, (see Press et al. 1987 ) which minimizes the difference
Results and Error Estimates
where φ i is the relative frequency of galaxies corresponding to the i th luminosity bin and σ i is its associated uncertainty. The problem is reduced to the derivation of the three parameters const, L * and α which minimizes χ 2 . This method deals with errors giving a reliable set of fitting parameters provided the errors are representative of the true uncertainties involved. In our calculations we have considered errors derived through the Monte-Carlo estimates described above which we argue, give confident estimates of errors. In figure 2 is shown (solid line) the Schechter fit derived by the maximum-likelihood estimator with parameters α = −1.0, M * = −19.9 where can be seen a very good agreement between observations and the Schechter fit.
We have considered the effects on the Schechter function fitting parameters due to magnitude binning and photometric errors through a Monte-Carlo technique. We simulate a Schechter function LF with parameters corresponding to the group galaxy LF (α = −1.0, M * = −19.9) and the cluster galaxy LF (α = −1.4, M * = −20.0) provided by Valotto et al. 1997 . For both cases we have considered Gaussian photometric errors with dispersion σ0.25 mag) and we have taken into account the adopted binning (0.5 mag, and 0.3 mag in groups and clusters respectively). In both cases we find a resulting M * parameter ≃ 0.3 mag lower than the input values while the parameter α remains unchanged. The corresponding corrected fitting parameters for the group and cluster galaxy LF are α = −1.0, M * = −19.6) and α = −1.4, M * = −19.7 respectively. A summary of the results obtained is given in Table 2 . For comparison are also listed in this table the resulting Schechter fitting parameters of the corrected field galaxy LF (Loveday et al. 1992) . It can be seen in this table the importance of environment on the shape of the LF. The group galaxy LF has a flat faint end consistent with the field galaxy LF in contrast to clusters where an important rise in the number of low luminosity galaxies is present. 
CONCLUSIONS
We have applied statistical analyses to calculate the mean galaxy luminosity function in groups. We have used COSMOS survey galaxies and group catalogs with either available distances or redshifts. Schechter functions provide good fits to the galaxy LF of the sample of groups analyzed. The best fitting parameters for our total sample of 66 groups are α = −1.0 ± 0.2, M * = −19.6 ± 0.2. This value of the α parameter contrasts with that corresponding to a single Schechter fit in clusters α ≈ −1.4 (see for instance Ferguson and Sandage 1991, Valotto et al. 1997) indicating an important relative excess of faint galaxies in clusters. The dependence of the galaxy LF on cluster richness was explored by Valotto et al. 1997 finding that poor clusters show a flatter galaxy LF than more massive systems (α ≃ −1.2 in contrast to α ≃ −1.5). López-Cruz et al. 1997 results show a flat galaxy LF (α ≃ −1.0) in a subsample of dynamically relaxed systems which may be a strong indication that evolutionary process may disrupt dwarf galaxies contributing to the formation of cD haloes in these systems. However, Driver et al. 1995 in their analyses of the galaxy LF of the rich (R=3) cD-dominated cluster A963 a large excess of faint galaxies is found which indicates the non universality of this phenomenon. Similar large excess of faint galaxies are reported by Trentham 1997 for 4 rich clusters (R=2-4) indicating that the dependence of the faint excess on different physical parameters of clusters deserve further analysis. The importance of the cluster merging history and the gas-dynamical evolution within these systems should be addressed before firm conclusions can be derived from the analysis of the observations.
Our comparison with Valotto et al. 1997 results have the advantage that both have used similar methods of analysis, same galaxy catalog and background subtraction procedure and therefore it provides a reliable confrontation of the mean galaxy LF in clusters and groups. In spite of the fact that our sample galaxies correspond to moderate galaxy overdensities we find no evidence for an excess of faint galaxies relative to the field as it is found for the mean galaxy LF in clusters. Although galaxy mutual interactions are expected to play an important role in groups our results indicate that at these moderate galaxy density enhancements the galaxy luminosity function is not significantly different from the field.
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